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INTRODUCTION

In the mouse, there are three pairs of major salivary glands, 
which develop as the result of epithelial-mesenchymal 
interactions and form at set positions within the mouth. 
Salivary gland development can be divided into five stages: 
prebud, initial bud, pseudoglandular, canalicular, and 
terminal bud (Jaskoll & Melnick, 1999; Jaskoll et al., 1998; 
Melnick & Jaskoll, 2000; Zhou et al., 2010). The major salivary 
glands are named according to their anatomical location: 
parotid, sublingual, and submandibular (Amano, 2011; 
Amano et al., 2012; Saracco & Crabill, 1993; Williams et al., 
1989). The submandibular and sublingual salivary glands are 
located under the tongue, while the parotid salivary glands 
are located at the back of the mouth between the upper and 
lower jaw (Tucker, 2007). Each salivary gland is composed 
of acini, which are formed by glandular secretory cells, 

and surrounding myoepithelial cells and ducts, including 
intercalated and striated ducts, which terminate in the lumen 
(Amano et al., 2012; Chi, 1996; Melnick & Jaskoll, 2000). The 
acini, the secretory portion of the salivary gland, produce and 
secrete primitive saliva of which there are three types, serous, 
mucous and mixed saliva depending on the characteristics of 
the secretory cells (Amano et al., 2012; Chi, 1996). The parotid 
salivary gland is the largest of the salivary glands, and in the 
mouse the parotid glands consist of serous acinar cells that 
secrete an abundance of amylase (Amano et al., 2012; Leith et 
al., 2014; Tucker, 2007). 
Tooth development broadly comprises three stages, the bud 
stage, cap stage and bell stage and is a continuous process 
(Antonio, 2008). As a result of interactions between the 
epithelium and mesenchyme, the epithelial cells differentiate 
into ameloblasts and the ectomesenchymal cells differentiate 
into odontoblasts (Maas & Bei, 1997; Theslef & Sharpe, 
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The purpose of this study was to characterize the prenatal and postnatal development of 
the mouse parotid salivary gland and tooth, and to investigate the relationship between 
the developmental timing of the two organs. Development of parotid salivary gland begins 
on embryonic day 15 (E15), which is the prebud stage; E17 is the initial bud stage; E21 
to postnatal day 3 (PN3) is the pseudoglandular stage; PN5 to PN10 is the canalicular 
stage; and PN21 is the terminal bud stage. At E15, the developing maxillary molar tissue 
is at the bud stage; at E17, it is at the cap stage; at E21, it is at the early bell stage; PN3 to 
PN5 comprises the advanced bell stage; at PN10, it is at the crown stage; at PN21, it is at 
the functional stage. Therefore, unlike the other major salivary glands, the development 
of mouse parotid salivary gland is completed through a process of prenatal and postnatal 
morphogenesis and becomes functional at about the same time as the developing tooth. 
The developmental completion times of the parotid salivary gland and tooth are closely 
related to the weaning time of animal.
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1997). Ameloblasts are known to temporally synthesize and 
secrete protein for enamel formation, while odontoblasts 
continuously synthesize and secrete protein that forms 
dentine (Rodrigo et al., 2010). After the enamel and dentine 
are completely mature, ameloblasts degenerate into part of 
the reduced dental epithelium that covers and protects the 
surface of the enamel until tooth eruption, while odontoblasts 
persist in the dental pulp after tooth eruption (Kallenbach, 
1970). 
The epithelial-mesenchymal interactions that are critical to 
both salivary gland and tooth development are analogous 

in many ways (Denny et al., 1997), even though the 
morphological, anatomical and physiological features of the 
salivary glands differ greatly from those of the teeth during 
development. The major salivary glands not only develop 
at different sites and at different times, but also have very 
different structures and produce different types of saliva 
(Tucker, 2007). Most previous studies have been about the 
potential to promote development and the processes of 
tooth and salivary gland development, with an emphasis on 
the submandibular salivary gland; only a few studies have 
described the development of the parotid and sublingual 

Fig. 1. Light micrographs of coronal section though the head at embryonic day 15 (E15). (A) Initial parotid salivary gland at the prebud stage showing a 
thickened epithelial bud (EB) growing into the mesenchyme (M). Inset: epithelial bud. (B) Higher magnification micrograph showing the epithelial bud 
forming a solid and condensed mass of homogenous cells. (C) Bud stage tooth showing the dental lamina (DL) and tooth bud (TB) from the primary 
epithelial band (PEB) growing into the ectomesenchyme. E, eye; OC, oral cavity. (A-C) H&E stain. Scale bars=10 µm (inset), 1 µm (A and B), 10 µm (C).

A B C

Fig. 2. Light micrographs of coronal section though the head at embryonic day 17 (E17). (A) Parotid salivary gland at the early initial bud stage showing the 
epithelial placode (EP). Inset: EP. (B) Higher magnification micrograph showing the EP with a solid mass of cells and a cord-like epithelial strand. (C) Cap 
stage tooth showing the dental organ (DO), dental papilla (DP) and dental follicle (DF). E, eye; OC, oral cavity. (A-C) H&E stain. Scale bars=10 µm (inset), 1 
µm (A and B), 10 µm (C).
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salivary glands (Lui & Wang, 2014; Rego et al., 2016; Varner 
& Nelson, 2014). The reason for the differences in the 
developmental timing of the major salivary glands is still not 
well understood, nor is the relationship between the timing of 
parotid salivary gland and tooth development.
In the current study, we examined the prenatal and postnatal 
development of the mouse parotid salivary gland and tooth, 
and discuss the relationship between the developmental 
timing of these organs.

MATERIALS AND METHODS

Embryos from ICR outbred mice and mice from the Institute 
for Cancer Research (ICR, USA) were used in this study. All 
animal studies were approved by the “Institutional Animal 
Care and Use Committees” at Chosun University and animal 
care was carried out using the specific pathogen-free system 
according to the “Guide for the Care and Use of Laboratory 
Animals”. Embryos at embryonic day 15 (E15), 17 (E17) and 

Fig. 3. Light micrographs of coronal section through the head at embryonic day 21 (E21). (A) Parotid salivary gland at the pseudoglandular stage showing 
the epithelial placode (EP). Inset: elongated and proliferated EP. (B) Higher magnification micrograph showing the EP with cubic and polygonal cells 
forming the ductal lumen. (C) Early bell stage tooth showing differentiated odontoblasts (OB), inner enamel epithelial cells (iEE), stratum intermedium (SI), 
stellate reticulum cells (SR), and outer enamel epithelial cells (oEE). E, eye. (A-C) H&E stain. Scale bars=10 µm (inset), 1 µm (A and B), 10 µm (C).

A B C

Fig. 4. Light micrographs of coronal section through the head at postnatal day 3 (PN3). (A) Parotid salivary gland at the pseudoglandular stage showing 
the epithelial stalk (ES) forming immature duct branches and terminated bulbs. Inset: large and more elongated ES. (B) Higher magnification micrograph 
showing the ES with flat cells at the base of the ductal lumen and columnar cells near the lumen. (C) Early advanced bell stage tooth showing enamel (EN) 
formed from secretory ameloblasts (AB) and dentine (D) formed from odontoblast (OB). PD, predentin. (A-C) H&E stain. Scale bars=10 µm (inset), 1 µm (A 
and B), 10 µm (C).
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21 (E21) and mice at postnatal day 3 (PN3), 5 (PN5), 10 
(PN10) and 21 (PN21) mice were used in the analysis. 
Mouse heads were fixed in ice cold 4% paraformaldehyde in 
phosphate buffer (pH 7.2) for 12 hours. Tissues were then 
decalcified in 10% ethylenediaminetetraacetic acid (EDTA, 
pH 7.4) at 4oC for 4 weeks, dehydrated through a series of 
graded ethyl alcohol, then embedded in paraffin. Tissues were 
cut in sections of 6~7 µm thickness and stained with H&E. 
Stained sections were examined using a light microscope to 
evaluate the morphology and developmental stage. 

RESULTS

Prenatal Development of the Parotid Salivary Gland 
and Tooth 

Embryonic day 15 (E15)
At E15, the parotid salivary gland is at the prebud stage 
(Fig. 1A and inset). The developing gland was located at the 
connection between the maxillary and mandibular processes. 
A thickened epithelial bud had formed, and a solid condensed 
mass of homogenous cells could be seen growing into the 
surrounding mesenchyme (Fig. 1A and B). At the same 
stage, in the maxilla, the developing molar tissue is at the 
bud stage. The molar tooth bud and dental lamina could be 
seen growing into the ectomesenchyme from the primary 
epithelial band (Fig. 1C)

Embryonic day 17 (E17)
At E17, the developing parotid salivary gland is at the initial 
bud stage (Fig. 2A and inset). An epithelial placode could be 
observed, which consists of two parts: a solid mass of cells and 
a cord-like epithelial strand (Fig. 2A and B). At the same stage, 
in the maxilla, the developing molar tissues are at the cap sage, 
and consist of the dental organ, dental papilla, and dental 
follicle (Fig. 2C). 

Embryonic day 21 (E21)
At E21, the parotid salivary gland is at the early pseudo
glandular stage (Fig. 3A and inset). The epithelial placode 
is more elongated and has undergone some proliferation. 
The cord-like epithelial strand of the epithelial placode is 
beginning to make branches of ductal lumen with cubic and 
polygonal cells (Fig. 3B). At the same stage, the developing 
molar tissues are at the early bell stage. Outer enamel 
epithelial cells, stellate reticulum cells, stratum intermedium 
cells and inner enamel epithelial cells could be observed in 
the dental organ (Fig. 3C). The inner enamel epithelial cells 
adjacent to the dental papilla have begun to elongate and 
show characteristics of presecretory ameloblasts (Fig. 3C).

Postnatal Development of the Parotid Salivary Gland 
and Tooth 

Postnatal day 3 (PN3)
At PN3 the parotid salivary gland is at of the late pseudoglan
dular stage (Fig. 4A and inset). The epithelial stalk was evident, 

A B C

Fig. 5. Light micrographs of coronal section through the head at postnatal day 5 (PN5). (A) Parotid salivary gland at the canalicular stage showing an 
elongated and convoluted ductal structure and original acini at terminal epithelial buds. Inset: parotid salivary gland with ductral system and presumptive 
acini. (B) Higher magnification micrograph showing obvious lumenized main ducts, original acini and abundant loose connective tissue. (C) Late 
advanced bell stage tooth showing thick incomplete enamel (EN) and dentine (D). AB, ameloblast; L, lumen; OB, odontoblast; PD, predentin. (A-C) H&E 
stain. Scale bars=10 µm (inset), 1 µm (A and B), 10 µm (C).
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and was beginning to form immature ductal branches, which 
terminated in a bulb (Fig. 4A and B). Homogeneous flat cells 
could be seen at the base of the ductal lumen, and columnar 
cells were present near the lumen (Fig. 4A). Several star-
shaped mesenchymal cells were present around the epithelial 
stalk (Fig. 4B). At the same sage, the developing molar 
tissues are at the early advanced bell stage. The structure was 
significantly elongated and contained an increased number of 
ameloblasts and odontoblasts. The enamel layer, formed from 
ameloblasts and the dentine and predentin layers, formed 
from odontoblasts could be observed (Fig. 4C). Secretory 
ameloblasts, which are long columnar cells with a nucleus on 
the basal side, had increased in number and were also more 
differentiated and elongated than at the earlier stages (Fig. 
4C).

Postnatal day 5 (PN5)
At PN5, the parotid salivary gland is at the early canalicular 
stage (Fig. 5A and inset). It comprises an elongated and 
convoluted ductal structure, original acini could be observed, 
and it was still completely immature. More obvious 
lumenized main ducts could be seen, which were made from 
columnar cells, original acini and abundant loose connective 
tissue (Fig. 5A and B). The parotid salivary gland duct system 
had begun to form and the number of original acini had 
increased. At the same stage, the developing molar tissues are 
at the late advanced bell stage. Thick, but incomplete, enamel 
and dentine layers were forming, and the predentin layer was 
a constant thickness (Fig. 5C). Secretory ameloblasts of the 
maxillary molar tissues had increased in number, and were 
more differentiated and elongated compared to those at PN 3 

(Fig. 5C).

Postnatal day 10 (PN10)
At PN10, the parotid salivary gland is at the late canalicular 
stage (Fig. 6A and inset). Differentiated and mature main 
ducts and branches could be observed, and mature inter
calated ducts with a narrow lumen and glandular and conical 
acini cells could also be seen. There was an increase in the 
number and size of granular acini cells and lobuli, and a 
significant reduction in loose ectomesenchymal connective 
tissue around the acini (Fig. 6B). At the same stage, the 
molar tissues are at the crown stage. The tooth at this stage 
had thicker enamel and dentine layers (Fig. 6C). Secretory 
ameloblasts had changed to maturation stage ameloblasts, 
which had degenerated into part of the reduced dental 
epithelium (Fig. 6C). 

Postnatal day 21 (PN21)
At PN21, the parotid salivary gland is at the terminal bud 
stage, and consisted of a complete, mature duct system with 
more obvious acini (Fig. 7A and inset). The lobules were still 
large, and the number and size of acini had increased even 
more. The intercalated ducts had secretory granules in the 
wide lumen, and acinar cells with numerous light-stained 
lucent granules were present (Fig. 7A and B). At the same 
stage, the molar tissues are at the functional stage; functional 
tooth had erupted into the oral cavity (Fig. 7C). 

DISCUSSION

The salivary glands and teeth are classical model for the 

A B C

Fig. 6. Light micrographs of coronal section through the head at postnatal day 10 (PN10). (A) Parotid salivary gland at the canalicular stage showing a 
differentiated and immature main duct, some branching, and more obvious acini (A). Inset: parotid salivary gland with an immature duct system and 
acini undergoing maturation. (B) Higher magnification micrograph showing an increase in the number and size of glandular and conical acini cells and a 
significant reduction in loose connective tissue. (C) Crown stage tooth with thicker enamel (EN) and dentine (D). L, lumen; P, pulp; RED, reduced enamel 
epithelium. (A-C) H&E stain. Scale bars=10 µm (inset), 1 µm (A and B), 10 µm (C).
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studying epithelial mesenchymal interactions during 
development (Denny et al., 1997; Tucker, 2007; Zhou et al., 
2010). The mouse salivary gland is comprised of ducts, which 
terminate in lumen-containing acini that produce secretory 
granules (Ball, 1974; Cutler & Gremski, 1991; Denny et al., 
1997; Jaskoll et al., 1998; Melnick & Jaskoll, 2000), while the 
tooth is composed of enamel, dentine, dental pulp and cement 
(Antonio, 2008). During development, the processes of cell 
proliferation, differentiation and apoptosis are mediated 
by specific molecules such as growth factors, cytokines and 
transcription factors, which are expressed at specific times and 
in specific locations (Hardman et al., 1994; Jaskoll & Melnick, 
1999; Kashimata & Gresik, 1997; Kashimata et al., 2000a, 
2000b; Melnick et al., 2001; Rego et al., 2016; Tucker, 2007). 
However, little is known about the identity of these molecules 
(Rego et al., 2016; Tucker, 2007). 
In the present study, we characterized the development 
of mouse parotid salivary gland, which consists of five 
developmental stages, as suggested by Jaskoll et al. (1998): 
prebud, initial bud, pseudoglandular, canalicular, and terminal 
bud. The mouse parotid salivary gland begins its development 
on E15, which is the prebud stage. The primitive epithelial 
bud grows into the surrounding mesenchyme to form a solid 
epithelial placode on E17, the initial bud stage. The elongated 
and proliferated epithelial placode then begins to branch 
from E21 to PN3, the pseudoglandular stage, and eventually 
canalize to create a lumen between PN5 and PN10, which 
represents the canalicular stage. The majority of the ducts 
develop a lumen at the canalicular stage. The acini complete 
the lumenization process and have secretory granules at 
PN21, the terminal bud stage. 
Development of the maxillary molar can be divided into the 

bud stage, cap stage, bell stage, crown stage and functional 
stage (Antonio, 2008). At E15, the developing molar tissue 
shows characteristics of the bud stage, with the formation of 
a tooth bud. E17 shows characteristics of the cap stage having 
formed the dental organ, dental papilla and dental follicle, 
and E21 is the early bell stage, when presecretory ameloblasts 
are present. PN3 to PN5 is the advanced bell stage, when the 
enamel layer is formed by ameloblasts and the dentine layers 
by odontoblasts, both of which have thickened by PN10, the 
crown stage. At PN21, the functional stage, the tooth has 
erupted into the oral cavity. Therefore, development of mouse 
parotid salivary glands and tooth are completed through a 
complex process of prenatal and postnatal morphogenesis 
(Fig. 8). These results are consistent with those from previous 
reports (Larsen et al., 2010; Leith et al., 2014; Melnick & 
Jaskoll, 2000; Redman, 1988; Riberiro et al., 2006), with slight 
differences in the timing of some of the details (Larsen et al., 
2010; Leith et al., 2014; Ogawa et al., 2013; Okumura et al., 
2012; Rego et al., 2016; Tucker, 2007). Of all the major salivary 
glands, the sublingual salivary gland is the first to form and 
development is already complete at birth (Chi, 1996; Poulsen 
et al., 1986; Redman, 1988). The submandibular and parotid 
salivary glands develop in a similar timeframe, although 
the submandibular salivary gland becomes fully developed 
slightly before the parotid gland (Chi, 1996; Larsen et al., 
2010; Zhou et al., 2010) and forms a more organized structure 
than the parotid gland (Leith et al., 2014). However, there are 
conflicting reports about the details of the development of 
the salivary glands, and there are few reports on the mouse 
parotid salivary gland (Riberiro et al., 2006). From our study, 
the development of the mouse parotid salivary gland is 
complete and becomes functional at about the same time as 

A B C

Fig. 7. Light micrographs of coronal section through the head at postnatal day 21 (PN21). (A) Parotid salivary gland at the terminal bud stage showing a 
complete and mature duct system and more obvious acini. Inset: complete parotid salivary gland. (B) Higher magnification micrograph showing wide 
lumen (L) of the intercalated ducts with secreted granules tightly packed with light stained lucent granules and increase in acinar cells. (C) Erupted 
functional stage tooth in the oral cavity (OC). A, acini; G, gingiva; P, pulp.  (A-C) H&E stain. Scale bars=10 µm (inset), 1 µm (A and B), 10 µm (C).
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that of the tooth development. This is different from the other 
major salivary glands. It is thought that complete formation 
of the parotid salivary gland is associated with the production 
and accumulation of secretory proteins in the acini at the final 
stage of postnatal development (Denny et al., 1997; Lawson, 
1972; Leith et al., 2014; Redman & Sreebny, 1970). Important 
genetic changes can be observed during this period, which 
are consistent with the above results (Denny et al., 1997; 
Poulsen et al., 1986). The reason for the differences in the start 
and completion time of development of the major salivary 
gland is unknown, but it is thought that the completion of 
parotid salivary gland development is similar to that of the 
tooth due to the secretory function of the parotid salivary 
gland. The parotid salivary gland produces serous saliva that 
contains large amounts of secretory proteins. Other salivary 
glands produce a constant amount of saliva, which is not a 
response to stimulation, but the parotid gland secretes large 
amounts of serous saliva following stimulation, for example 
after ingestion of food (Antonio, 2008). The proteins secreted 

by the parotid salivary gland are directly related to digestion 
(Antonio, 2008). In conclusion, our data show that the 
developmental completion time for both the parotid salivary 
gland and tooth is closely related to the weaning time of the 
animal, and suggest that this may be for functional reason. 

SUMMARY

Development of mouse parotid salivary gland begins on 
E15, which is the prebud stage; E17 is the initial bud stage; 
E21 to PN3 is the psedoglandular stage; PN5 to PN10 is the 
canalicular stage; and PN21 is the terminal bud stage. At E15, 
developing mouse maxillary molar is at the bud stage; at E17, 
it is at the cap stage; at E21, it is at the early bell stage; PN3 to 
PN5 comprises the advanced bell stage; at PN10, it is at the 
crown stage; at PN21, it is at the functional stage. Therefore, 
the development of mouse parotid salivary gland is completed 
through a process of prenatal and postnatal morphogenesis 
and becomes functional at about the same time as the 
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Fig. 8. Schematic diagram of parotid salivary gland and tooth development. (A) embryonic day 15 (E15), (B) E17, (C) E21, (D) postnatal day 3 (PN3), (E) 
PN5, (F) PN10, (G) PN21. N, nasal septum; P, palatal shelf; PB, parotid bud; T, tongue; TB, tooth bud. 
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developing tooth. The developmental completion times of 
the parotid salivary gland and tooth are closely related to the 
weaning time of animal for digestion.
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